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@ Fire-protection and safety glass panel. 

(57) In a fire-protection and safety glass panel 
having a transparent appearance and dual func- 
tions as a fire protection glass for shutting out 
flame and smoke for a long period of time upon 
occurrence of fire and as a safety glass which is 
neither shattered into pieces and nor forms any 
through hole if it is broken in an ordinary life, a 
PET (polyethylene terephthalate) film (12) is 
arranged between a first glass plate (10) and a 
second glass plate (1 1). The first and the second 
glass plates (10 and 11) and the PET film (12) 
are adhered through, transparent acrylic adhe- 
sive agent layers (13 and 14), respectively. An 
intermediate resin layer comprises the PET film 
(12) and the adhesive agent layers (13 and 14) 
and has a thickness between 75 and 200 p,m. 
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Background of the Invention: 

This invention relates to a f ire-protection and safety glass panel which serves as a f ire-protection pane! 
upon occurrence of fire and as a safety glass pane! during normal use. 

With recent increase of large-sized architectures such as multistory buildings, department stores, and su- 
permarkets, there is a demand for a fire- protection and safety glass panel having dual functions as a fire pro- 
tection pane! for shutting out flame and smoke upon occurrence of fire to thereby suppress the spread of the 
fire at a minimum and as a safety glass panel which is neither shattered into pieces and nor forms a through 
hole if it is broken during normal use. 

A conventional fire- protection panel comprises a low-expansion crystallized glass plate, a borosihcate 
glass plate, or a wire mesh glass plate (a wire glass plate). On the other hand, a conventional safety glass 
panel comprises a laminated glass plate including a plurality of soda lime glass plates and a transparent poly- 
vinyl butyral film or films (PVB film) joined by thermocompression bonding to provide a structure which com- 
prises a plurality of glass plates with an intermediate resin layer or layers interposed therebetween. Another 
conventional safety glass panel comprises a soda lime glass plate with an antishattering film applied on a sur- 
face thereof. However, a fire-protection and safety glass panel which has both a fire protection function and 
a safety function has not yet been known. 

If the safety glass panel is heated upon occurrence of fire, it is thermally cracked to form a through hole. 
In particular, when the above-mentioned laminated glass plate is heated, the PVB film is decomposed to pro- 
duce a combustible gas. The gas is blown to a nonheated side and inflamed to accelerate the spread of the 
fire For thermocompression bonding of the transparent film, a large-sized heating furnace is required so that 
the laminated glass plate is completely received therein. Furthermore, when a plurality of the glass plates have 
different thermal expansion coefficients and the PVB film is thermocompression bonded to the glass plates 
to provide an intermediate resin layer therebetween, a warp is caused to occur due to the difference in con- 
25 traction of the glass plates during cooling. 

On the other hand, the low-expansion crystallized glass plate or the borosilicate glass plate used as the 
fire protection panel is easily broken, during normal use, due to mechanical impact causing the plate to be shat- 
tered into pieces or dropped off. The wire mesh glass plate has a safety effect to some extent. However, if the 
glass plate is subjected to a great impact, for example, due to strong collision of a human body, a wire mesh 
30 will be cut off to form a through hole. In this event, the human body may be injured. 

There are known incombustible transparent films such as a fluoric resin film. However, this film is very 
expensive and slightly opaque. Accordingly, it is difficult to obtain a laminated glass panel having a high trans- 
parency. In addition, this film is poor in evenness. When this film is adhered to the glass plate, air bubbles 
easily enter into a gap formed therebetween. It is therefore difficult to obtain a transparent appearance. 
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Summary of the Invention: 



It is therefore an object of this invention to provide a fire-protection and safety glass panel having dual 
functions as a fire-protection glass panel for shutting out flame and smoke for a long period of time on occur- 
40 rence of fire and as a safety glass which is neither shattered into pieces nor forms a through hole if it is broken 

during normal use. . 

It is another object of this invention to provide a fire-protection and safety glass panel of the type descnbed, 

which has a transparent appearance. 

It is still another object of this invention to provide a glass window comprising a fire- protection and safety 
45 glass panel having dual functions as a fire-protection glass panel for shutting out flame and smoke for a long 
period of time on occurrence of fire and as a safety glass panel which is neither shattered into pieces norforms 
a through hole if it is broken during normal use. 

It is yet another object of this invention to provide a glass window of the type described, which comprises 
the fire-protection and safety glass panel having a transparent appearance. 
so It is a further object of this invention to provide a glass door comprising a fire-protection and safety glass 
panel having dual functions as a fire-protection glass panel for shutting out flame and smoke for a long period 
of time on occurrence of fire and as a safety glass panel which is neither shattered into pieces nor forms a 
through hole if it is broken during normal use. 

It is a still further object of this invention to provide a glass door of the type described, which comprises 
55 the fire-protection and safety glass panel having a transparent appearance. 

Other objects of this invention will become clear as the description proceeds. 

A fire-protection and safety glass panel to which this invention is applicable comprises a first glass plate, 
a second glass plate opposite to the first glass plate, and an intermediate resin layer between the first and 
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the second glass plates. At least one of the first and the second glass plates tsa heat-resistant glass plate. 

According to this invention, the intermediate resin layer comprises a polyethylene terephthalate film and 
has a thickness which is not greater than 200 um. 

A glass window to which this invention is applicable comprises a f ire-protection and safety glass panel and 
5 a sash for the fire- protection and safety glass panel. The fire-protection and safety glass panel comprises a 
first glass plate, a second glass plate opposite to the first glass piate, and an intermediate resin layer between 
the first and the second glass plates. At least one of the first and the second glass plates is a heat-resistant 
glass plate. 

According to this invention, the intermediate resin layer comprises a polyethylene terephthalate film and 
10 has a thickness which is not greater than 200 jun. 

A glass door to which this invention is applicable comprises a fire-protection and safety glass panel and 
a frame for the fire-protection and safety glass panel. The fire- protection and safety glass panel comprises a 
first glass plate, a second glass plate opposite to the first glass plate, and an intermediate resin layer between 
the first and the second glass plates. At least one of the first and the second glass plates is a heat-resistant 
15 glass plate. 

According to this invention, the intermediate resin layer comprises a polyethylene terephthalate film and 
has a thickness which is not greater than 200 urn. 

In order to achieve the above-mentioned objects, the present inventors have made extensive researches. ■ 
As a result, it is found out that a material interposed in each gap between the first and the second glass plates 
20 must have a thickness not greater than a predetermined value. Even if the material is combustible or fire- 
retarding and the combustible gas is blown to the nonheated side, the gas is prevented from being inflamed 
because its density is thin. 

When a heat-resistant glass plate is used as at least one of the glass plates, a f ire protection effect is im- 
proved to provide a function as a fire- protection panel. Furthermore, when the polyethylene terephthalate film. 
25 is used as the material interposed in each gap between the first and the second glass plates, a sufficient safety 
effect is obtained even if the thickness is small. This is because the tensile strength is excellent uppn reception 
of an impact ■ 

According to this invention, the polyethylene terephthalate film (hereinafter referred to as a'PET film) is 
used as a material of the intermediate resin layer. This is because the film is fire-retarding and excellent in 
30 transparency and evenness. In addition, the film can be formed into an extremely small thickness/specifically, 
not greater than 25 urn. Furthermore, this film is excellent in strength and low in extension scTthat tensile 
strength is high even if the thickness is small. 

As the heat-resistant glass plate used in this invention, glass plates including low-expansion crystallized 
glass plates, borosilicate glass plates, or wire glass plates may be used. Taking the transparency and the heat 
35 resistance into consideration, the low-expansion crystallized glass plate is preferable. 

The low-expansion crystallized glass plate is of a crystallized glass which exhibits thermal expansion sub- 
stantially equal to zero upon occurrence of fire. Specifically, a preferable crystallized glass has a composition 
consisting by weight of 3-5% Li 2 0, 20-35%Al 2 O 3 , 55-70% Si0 2 , 1-3%Ti0 2 , 1-4% Zr0 2 , 1-5% P 2 0 5 , 0-4% Na 2 0, 
0-4% K 2 0, 0.5-4% Na 2 0+K 2 0, precipitates p-quartz solid solution crystals, and has a thermal expansion coef- 
40 ficient between -10 x 1(h 7 / 0 C and -15 x 10" 7 /°C (30-750°C). 

According to this invention, at least one of the first and the second glass plates is a heat-resistant glass 
plate. Each of the other glass plates does not need to be a heat-resistant glass plate but may be a soda lime 
glass plate. 

When the borosilicate glass plate or the soda lime glass plate is used in this invention, it is preferable to 
45 chemically or thermally reinforce the glass plate in order to improve the impact resistance. 

The transparent adhesive agent used in this invention may be any appropriate material which is excellent 
in transparency, and strong in adhesion so that a large-sized glass plate and the PET film can be strongly bond- 
ed. It is preferably available at low cost. At present, only combustible and fire-retarding materials satisfy all of 
the above-mentioned properties. Taking a material cost and a workability into consideration, acrylic or vinyl 
so transparent adhesive agents are preferable. 

In order to prevent air bubbles from entering into a gap between the glass plate and the intermediate resin 
layer as little as possible, it is preferable to use a glass plate having a surface undulation not greater than 2 
microns and to suppress a surface undulation of a transparent adhesive agent coated on the PET film to a 
value not greater than 2 microns. 
55 According to this invention, at least one glass plate comprises a heat-resistant glass plate. When the glass 
. plate is heated upon occurrence of fire, no through hole allowing passage of flame and smoke is formed during 
a predetermined period of time so that the spread of the.fire can be avoided. 

According to this invention, it is sufficient that at least one glass plate is a heat-resistant glass plate. Each 
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of the other glass plates does not need to be a heat-resistant glass plate but may be a soda lime glass plate. 

According to this invention, each intermediate resin layer desirably has a thickness not greater than 200 
\im t preferably, not greater t han 1 00 urn. The reasons are as follows. 

The first reason will be described. When the fire-protection and safety glass pane! according to this in- 
5 vention is heated upon occurrence of fire, the PET film and the transparent adhesive agent forming the inter- 
mediate layer are decomposed to produce the combustible gas. If the intermediate resin layer has a thickness 
not smaller than 200 jim, a large amount of the combustible gas is produced so that the high-density gas is 
blown to the nonheated side. The gas will be inflamed by the heat of the fire to thereby spread the fire. 
The second reason is as follows. When the fire-protection and safety glass panel according to this inven- 
10 tion is heated upon occurrence of fire and the intermediate resin layer has a thickness not smaller than 200 
urn, a large amount of the combustible gas will be produced as described above. This increases a pressure in 
the gap between the glass plates. Due to the pressure, the glass plate is easily broken. 

The PET film is excellent in strength and low in extension. Accordingly, even if the thickness is small, the 
fire-protection and safety glass panel according to this invention has an excellent tensile strength. When the 
is glass panel is subjected to an impact, deformation of the glass plate is suppressed and a high impact resistance 
is obtained. 

Brief Description of the Drawing: 

20 Fig. 1 is a sectional view of a fire-protection and safety glass pane! according to an embodiment of this 
invention; 

Fig. 2 is a front view of a glass window using the fire- protection and safety glass panel illustrated in Fig. 
1 ; and 

Fig. 3 is a perspective view of a glass door using the fire- protection and safety glass panel illustrated in 
25 Fig. 1. 

Description of the Preferred Embodiment: 

Referring to Fig. 1, a fire-protection and safety glass panel according to a preferred embodiment of this 
30 invention comprises a first glass plate 10, a second glass plate 11 opposite to the first glass plate, and an in- 
termediate resin layer between the first and the second glass plates 10 and 11. At least one of the first and 
the second glass plates 10 and 11 is a heat-resistant glass plate. The intermediate resin layer comprises a 
polyethylene terephthalate film (namely, a PET film) 1 2 and first and second adhesive agent layers 1 3 and 14 
and has a thickness which is not greater than 200 fim. The first adhesive agent layer 13 adheres the PET film 
35 12 to the first glass plate 10. The second adhesive agent layer 14 adheres the PET film 12 to the second glass 
plate11. 

Each of the first and the second adhesive agent layers 13 and 14 may be of either a silicone adhesive 
agent or an acrylic adhesive agent 

Each of the first and the second glass plates 10 and 11 is preferably a. transparent plate. The PET film 12 
40 is preferably a transparent film. Each of the first and the second adhesive agent layers 1 3 and 14 is preferably 
a transparent layer. 

Suitable heat-resistant glass plates include a low-expansion crystallized glass described above and a bor- 
osilicate glass. An alternative heat-resistant glass plate is of a wire glass. 

Table 1 shows structures and characteristics of this invention (Samples Nos. 1-3) and comparative exam- 
45 pies (Samples Nos. 4-6). 

The samples Nos. 1-5 in Table 1 have a structure illustrated in Fig. 1. The PET film 12 is held between 
the first glass plate 10 and the second glass plate 11. The glass plates 10 and 11 are adhered to the PET film 
12 through transparent acrylic adhesive agent layers 13 and 14, respectively. Each of the samples Nos. 1-3 
has the intermediate resin layer having a thickness of 75-200 urn while the samples Nos. 4 and 5 have inter- 
so mediate resin layers having thicknesses of 200 jim and 250 urn, respectively. 

Each of the samples Nos. 1-5 was prepared in a method which will presently be described. 

At first, the transparent adhesive agent layer 13 was applied on one surface of the PET film 12. The ad- 
hesive-applied surface was brought into contact with one surface of the first glass plate 10. One end thereof 
was inserted in a gap between two rubber rollers and then moved forward so that they were bonded together. 

55 

Table 1 
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This Invention 


Comparative Example 






No.1 


No.2 


No. 3 


No. 4 


No. 5 


No. 6 


5 


Glass 
Plate A 


Crystal- 
lized 
Glass 


Crystal- 
lized Glass 


Crystallized 
Glass 


Soda Lime 
Glass 


Crystallized 
Glass 


Boro-silicate 
Glass 


10 


Glass 
Plate B 


Soda 
Lime 
Glass 


Soda Lime 
Glass 


Bbro-sOicate 
Glass 


Soda Lime 
Glass 


Boro-silicate 
Glass 


Soda Lime 
Glass 




Trans- 
parent 
Film 


PET 


PET 


PET 


PET 


PET 


PVB 


15 
20 


Thick- 
ness of 
Trans- 
parent 
Film (urn) 


25 


50 


100 


100 


200 


300 


25 


Trans- 
parent 
Adhe- 
sive 
Agent 


Acrylic 


Acrylic 


Acrylic 


Acrylic 


Acrylic 




30 


Thick- 
ness of 
Adhe- 
sive 
Agent 
(urn) 


25 


25 


50 


50 


25 


.- _ 

• 


35 
40 


Thick- 
ness of 
Inter- 
mediate 
Resin 
Layer 
(urn) 


75 


100 


200 


200 


250 


- 


Appear- 
ance 


Trans- 
parent 


Transparent 


Transparent 


Transparent 


Transparent 


Transparent 


45 


Inflam- 
mation 


None 


None 


Self-extinguish 


Not Measured 


Not Measured 


Not Measured 




Fire Pro- 
tection 
Time 


>180 


>180 


>180 


17 


22 


6 


50 


(minutes) 














Impact 
Resis- 
tance 
(cm) 


72 


120 


140 


140 


140 


100 


55 


Warp (%) 


<0.2 


<0.2 


<0.2 


• <0.2 


<0.2 


1.5 



Thereafter, the transparent adhesive agent layer 14 was applied on the other surface of the PET film 12. The 
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adhesive-applied surface was brought into contact with one surface of the second glass plate 1 1 . In the manner 
similar to the foregoing, they were bonded together. 

The sample No. 6 has a structure comprising a borosilicate glass plate and a soda lime glass plate with 
a PVB film thermocompression bonded therebetween. 
5 As the crystallized glass plate in the table, use was made of a transparent crystallized glass having a di- 

mension of 2000 x 900 x 5 mm and a thermal expansion coefficient of -5 x 10- 7 /°C (FIRELITE (trade name): 
manufactured by Nippon Electric Glass Co., Ltd.). As the soda lime glass plate, use was made of a glass plate 
formed into a plate shape by an ordinary float method and having a dimension of 2000 x 900 x 3 mm and a 
thermal expansion coefficient of 85 x 10- 7 /°C. As the borosilicate glass, use was made of a glass plate formed 
10 into a plate shape by an ordinary down draw method and having a dimension of 2000 x 900 x 3 mm and a 
thermal expansion'coeff icient of 30 x 1 0- 7 /°C. 

As is obvious from the table, each of the samples Nos. 1-3 according to this invention had a transparent 
appearance. In a fire protection test, ho inflammation was caused at the nonheated side or, if the inflammation 
was caused, it was immediately self-extinguished. In addition, the fire protection time was as long as 1 80 min- 
is utes or more. The impact resistance was excellent and the warp was small. 

On the other hand, each of the samples Nos. 4, 5, and 6 had a transparent appearance and an excellent 
impact resistance. However, in the sample No. 4 using no heat-resistant glass plate, each glass plate was brok- 
en in the fire protection test to form through holes allowing passage of flame and smoke. With the samples 
Nos. 5 and 6, the gas was blown to the nonheated surface and spontaneously inflamed in the fire protection 
20 test so that the fire protection time was as small as 6-22 minutes. It was therefore unnecessary to test the 
inflammation for each comparative example. The samples Nos. 4 and 5 exhibited a small warp while the sample 
6 exhibited a warp as large as 1 .5%. 

In the table, the appearance was visually observed. 

The inflammation was measured as follows. Each sample was located with one surface faced to an electric 
25 heater of an area heating type. Heating was carried out in accordance with a standard heating curve prescribed 
in Official Notification No. 1125 of the Ministry of Construction of Japan. After the lapse of three minutes from 
the start of heating, a gas lighter was occasionally brought close to the gas blown to the nonheated side while 
it was observed whether or not the inflammation was caused to occur. In case when the gas lighter was in- 
flamed, "none" is indicated. In case when the gas lighter was inflamed but no flame was produced on the non- 
30 heated side of the sample after the gas lighter was separated apart from the sample, "self-extinguish" is indi- 
cated. 

The fire protection time was measured by subjecting each sample to the fire protection test twice wherein 
each surface was faced to a heating source. The time was measured until spontaneous inflammation was 
- caused to occur at the nonheated side of the sample or until the through hole allowing passage of flame or 
35 smoke was formed. A shorter one was selected for indication. 

The impact resistance was examined in accordance with a shot bag test under JIS R-3205. Each sample 
was vertically fixed. In order to give an impact, a shot bag was made to collide with one surface of the sample 
with a gradual increase of a falling level. A maximum falling level H was determined at which no through hole 
was formed in the sample after reception of the impact and a total weight of a dropping part of the glass plate 
40 was not greater than 50g. It is understood that the impact resistance is excellent when the falling level H is 
high. 

The warp was measured by vertically arranging each sample and horizontally putting a straight ruler 
therealong. Indication is made at a percentage with respect to a horizontal length. 

Although the above-mentioned embodiment is directed to the fire-protection and safety glass panel com- 
45 prising the first and the second glass plates, this invention is not restricted thereto but is also applicable to a 
fire-protection and safety glass panel comprising three or more glass plates and two or more intermediate resin 
layers. In this case, each intermediate resin layer is disposed between adjacent ones of the glass plates. 

As described above, the fire-protection and safety glass according to this invention has a transparent ap- 
pearance and has dual functions as a fire-protection glass for shutting out flame and smoke during a long period 
so of time upon occurrence of fire and as a safety glass which is neither shattered into pieces nor forms any 
through hole if it is broken in normal use. 

Turning to Fig. 2, a glass window comprises a fire-protection and safety glass panel 51 and a sash 52 for 
the fire-protection and safety glass panel 51. As the fire- protection and safety glass panel 51, the fire- 
protection and safety glass panel described in conjunction with Fig. 1 is used so that the window is a fire- 
55 protection and safety glass window. 

Turning to Fig. 3, a glass door comprises a fire-protection and safety glass panel 61 and a frame 62 for 
the fire-protection and safety glass panel 61. The fire-protection and safety glass panel of Fig. 1 is used as 
the fire-protection and safety glass panel 61 so that the door is a fire- protection and safety glass door. The 
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glass door is installed in an opening 63. 



Claims 

1. A fire-protection and safety glass panel comprising a first glass plate, a second glass plate opposite to 
said first glass plate, and an intermediate resin layer between said first and said second glass plates, at 
least one of said first and said second glass plates being a heat-resistant glass plate, wherein said inter- 
mediate resin layer comprises a polyethylene terephthalate film and has a thickness which is not greater 
than 200 jim. 

2. A fire-protection and safety glass panel as claimed in Claim 1 , wherein each of said first and said second 
glass plates is a transparent plate, said polyethylene terephthalate film being a transparent film. 

3. Afire-protection and safety glass panel as claimed in Claim 1 or 2, wherein said heat-resistant glass plate 
is of a crystallized glass consisting of 3-5 wt% Li 2 0, 20-35 wt% Al 2 0 3 , 55-70 wt% Si0 2f 1-3 wt% Ti0 2 , 1- 
4 wt% Zr0 2 , 1-5 wt% P 2 0 5 , 0-4 wt% Na 2 0, and 0-4 wt% K 2 0, where a total amount of Na 2 0 and K 2 0 is 
0.5-4 wt%, said crystallized glass containing ^-quartz solid solution crystals. 

4. Afire-protection and safety glass panel as claimed in Claim 1 or 2, wherein said heat-resistant glass plate 
is of a borosilicate glass. 

5. Afire-protection and safety glass panel as claimed in Claim 1 or 2, wherein said heat-resistant glass plate 
is of a wire glass. 

6. Afire-protection and safety glass panel as claimed in any one of Claims 1 to 5, wherein said intermediate 
resin layer further comprises a first adhesive agent layer for adhering said polyethylene terephthalate film 
to said first glass plate and a second adhesive agent layer for adhering said polyethylene terephthalate 
film to said second glass plate. 

7. A fire- protection and safety glass panel as claimed in Claim 6, wherein each of said first and said second 
adhesive agent layers is of an adhesive agent selected from a group consisting of a silicone adhesive agent 
and an acrylic adhesive agent 

8. A fire-protection and safety glass panel as claimed in Class 6 or 7, wherein each of said first and said 
second adhesive agent layers is a transparent layer. 

9. A glass window comprising a fire- protection and safety glass panel and a sash for said fire-protection and 
safety glass panel, characterised in that said fire-protection and safety glass panel is in accordance with 
any one of Claims 1 to 8. 

10. A glass door comprising a fire-protection and safety glass panel and a frame for said fire-protection and 
safety glass panel, characterised in that said fire-protection and safety glass panel is in accordance with 
any one of Claims 1 to 8. 

11. A fire-protection and safety glass panel comprising a plurality of glass plates and an intermediate. resin 
layer between adjacent ones of said plurality of glass plates, at least one of said plurality of glass plates 
being a heat-resistant glass plate, wherein said intermediate resin layer comprises a polyethylene tereph- 
thalate film and has a thickness which is not greater than 200 urn. 

12. A fire- protection and safety glass panel as claimed in Claim 11, wherein each of said plurality of glass 
plates is a transparent plate, said polyethylene terephthalate film being a transparent film. 

13. Afire-protection and safety glass panel as claimed in Claim 11 or 12, wherein said intermediate resin layer 
further comprises a first adhesive agent layer for adhering said polyethylene terephthalate film to one of 
said adjacent ones of said plurality of glass plates and a second adhesive agent layer for adhering said 
polyethylene terephthalate film to the other of said adjacent ones of said plurality of glass plates. 

14. Afire-protection and safety glass panel as claimed in any one of claims 11 to 13, wherein each of said 
plurality of glass plates is a transparent plate, said polyethylene terephthalate film being a transparent 
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film, each of said first and said second adhesive agent layers being a transparent layer. 

15. A glass window comprising a fire-protection and safety glass panel and a sash for said fire- protection and 
safety glass panel, characterised in that said fire-protection and safety glass panel is in accordance with 
any one of Claims 11 to 14. 

16. A glass door comprising a fire-protection and safety glass panel and a frame for said fire- protection and 
safety glass panel, characterised in that said fire-protection and safety glass panel is in accordance with 
any one of Claims 11 to 14. 
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